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Bight aluminium sheet alloys were tested as 63" wide 16 S¥G panels
containing 5 central transverse slots, tc compare the propagation rates of
fatigue cracks which grew from the slots under P * p type stressing., The
results are given as cracking rate vs creck length curves. With the lowest
ctress cyele, 14,000 % 2000 psi, cracking rates at 1" crack lengths ranged ‘
from G166 x 107 in/cyele in Hiduminium 54 to 1.1 x 105 in/eycle in DTD.EB7A,
the rate in DTD.5070 sheet being 0.36 x 1= in/cycle, With the highest
stress cycle, 18,000 * 4000 psi, eracking rates =t 1" crack lengths were about
10 to 20 times faster, and again the DITD.5070 sheet had an intermediate rate
sinilor to those of DID.HLEE and 202,-181, Heating 2024~T81 and DTD.5070
pancls for 1000 hours at 150°C caussd only small changes in cracking rates,
end rates measured in tests at 150°C were very similar to those at room
temperaturce Residual strengths ot 1" crack lengths ranged from 37% for

X 202G to 67% for DID.96B and Hiluminium 5, with DTD,.5070 retaining &
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1 INTRODUCTION

The work described in this Note was carried out mainly in connection with
the M 2.2 supersonic transport project. During the feasibility study and
design study stages of the project several different alloys were considered
and compared to assess their relative merits for use as the principal
structural material, or for making some major component. Many different
mechanical properties had to be considered in making these assessments, and
at the outset little or no data existed on some of them, so several programmes
of tests were formulated, and shared between a number of laboratories, At
first these co-cperative test programmes did not include fatigue crack
propagation rate measurcements and residual strength tests on cracked panels,
80 some small scale equipment, which was being developed at R.A.E., was used
to obtain preliminary data comparing the candidate alloys in respect of these

properties.

The panels used for both types of measurement were 10" long and S
wide, and contained a %" long transverse central slot., These panels were
subjected to tensile fatigue stresses of the P+ p type at a frequency of
2600 cycles/minute, end the rate at which the fatigue cracks progressed across
the penel from the slot was measured. Alternatively, the cracks were growm
to chosen lengths before transferring the panel to a tensile testing machine

to determine its residual strength.

Altogether eight alloys were tested at room temperature in the as-
manufactured condition, the DTD.687A Al-Zn-lg-Cu-dn alloy being included to
complete the raonge of standard alloys available for comparison. All were in
the form of 16 S G shect, and except for the SAP sheet all were clad with pure
aluminiun or an Al-1-%n alloy. Two of the candidate alloys, 202L4-T31 and
DID.5G70, were also tested at 150°C and at room temperature, after heating
for 1000 hours at 150°C. Some additionsl tests were made on the DTD.546B
and DTD.5070 alloys using A%" wide pencls, to estimete the dependence of
cracking rate on panel width; and the dependence of cracking rate on mean
stress (P) and altornating stress (p) was studied by tests on the DID.546B
alloy.

2 MATERTALS TESTED

Single 6! x 3! sheets provided enough material for the tests on six of
the alloys, except that four sheets of DTD,546D werc used, and three shects
of DTD,5070., 1In these cases where more than one sheet was used they were taken

from the same cast and heat-treatment batch., Table 1 gives the analyscd core



compositions of the eight materials, and the heat-trcatments specified for
them.

3  TESTING FQUIPMENT AND FROCEDURES

3.1 Tensile test-pieces

The lower drawing in Pig.? shows the standard 8" x 14" test-piece used
for determining the ordinary longitudinal tonsile properties of the sheets,
which are recorded in Table 2. On one of the DTD.546B sheets (MNo.5) two
further tensile tests were made using larger longitudinal test-pieces.
These measured 10" x 6%" but were reduced over the central 3" to form a
rarallel portion 5" wide. They were made and tested to ascertain whether
eny size effect existed with respect to tensile strength, Their measured
tensile strengths were 28.8 and 28.6 tsi, and as reported in Table 2 the
duplicate standard test-pieces from the same sheet had strengths of 28,8
and 28,7 tsi. Thus the size effect appeered to be negligible, and later,
when the residual strengths of cracked panels were being expressed as a
percentage of the original strengths, the latter were assumed to be the

same as those of the small standard test-pieces.

3.2 COrack propagation test-picces

Details of the 6%" widc panels used for most of the crack propagation
rate and residual strength measurements are also shown in Fig.1. They wers
cut from the shects with their long sides parallel to the direction of
rolling, The two %" diameter holes were drilled to allow a 0,007" thick
saw blade to be inserted for cutting the slot. The cnds of the slot were
burnished to an approximately semicircular shape, as shown in Fig.2. Jigs
were used for the drilling and slotting operations. When the steel friction
grips werc attached to the panel its free length was reduced to 8,9"
giving a frec length/width ratio (L/W) of 1.37. The 43" wide panels used
to study the effcct of panel width on cracking ratec were identical to the

larger panels in their other dimensions.,

The scale shown on the panel in Fig.t was applied by o photoprinter's
technique., The panel was cleaned and degreased and was then coated with a
light-sensitive cmulsion and whirled to obtain a uniform thickness. When
the emulsion was dry a glass ncgative of the scale was placed over the panel
in a vacuum printing frame, which was then cxposed to a carbon arc lamp for
gbout twenty minutes. The unexposcd emulsion was then washed away with tap

water and the cxposed emulsion was dyed with e printer's black ink.



3.3 Testing machine and load measuring technique for crack propagation tests

The crack propagation rate measurements were made in the 6 ton Schenck
Pulsator shown in Fig.3. Mean and alternating loads were measured by
resistance strain geuges cemented to the ring dynamometer of the machine,
the gauges forming pert of a Wheatstone bridge circuit!. The amplitude of
the alternating load was maintained to within *5% of the desired value by
an electronic controller. The frequency of the alternating load was

approximately 2600 cpm.

3. Measurement of crack lengths

A Shackman 35 mm Auto-Camera Mark III, mounted over the test panel, was
used to record the progress of the fatigue cracks from the central slot, and
the elapsed number of stress cycles, as indicated by an electrically operated
counter., A photograph was token automatically at half hourly intervals during
the carly stages of the test, that i1s up to a total length of slot and cracks
of about 3" in a 63" panel. This was arranged by two microswitches mating
with a two lobe cam mounted on a motor driven shaft rotating at one
revolution/hour. One switch completed the illumination circuit and the other
one operated the camera. Subsequently, when the cracks were growing at a
fairly fast rate photographs were taken by manual switching; but in the final
steges of the test sutomatic switching was used again to obtain a photograph
at every tenth stress cycle. This rate was given by a third microswitch
mating with a cam driven by reduction gearing from the Pulsator motor, The
Kodak Plus X film was developed in liicrodol to give a fine-grain record from
which it was possible to measure the "crack length" £(total length of slot
and two end cracks) to within 0.025", by using a X 10.5 binocular viewer.
From these measurements and the counter records a graph of crack length
versus number of stress cycles could be plotted. As examples the results
of duplicate tests on Hiduminium 72 panels are shown in Figs. & and 5.

Rates of crack propagation (d¢/dN) were derived from these curves by drawing
tangents to them at selected time intervals. Fig.6 shows the crack propagation
rates plotted against crack lengths for the two tests on the Hiduminium 72
panels., This type of rate curve formed the basis of many of the compariscns

recorded in this report.

3.5 Crack propagation testing at 150°C

Tor the tests at 150°C a small heating pad was strapped to the panel,
This consisted of two flat Syndanio plates between which the test panel was

sandwiched; the lower plate carried a flat heating element, and the upper plate



had a central slot through which the scale on the panel could be photo-
graphed. The test temperature was controlled by a Sunvic energy regulator
and was recorded on a Kent recorder. Temperature gradients were measured at
the outset using several thermocouples which had been spot welded to a panel
on both sides of the crack line and #" away from it, The measured deviations
from the intended temperature weve within *39C., In subsequent tests only one
thermocouple was attached to the panel, this being on the longitudinal

axis and not more than 3" from the slot. The panel was heated to test
temperature in thirty minutes and then soaked for one hour before starting
the test.,

L COMPARISON OF MATERTIALS

4.1 Crack propagation rates in as-received materials

Crack propagation rate measurements were made on the eight materials at

two or more of the following stress cycles:-

14000 + 2000 psi
14000 * 4000 psi
18000 * 2000 psi
18000 * L4000 psi

Four of the materials, DTD.S546B, Hiduminium 72, 2024-181 and DTD.5070,
were tested with all four stress cycles. The fatigue stresses quoted here and
in subsequent sections were calculated on the initial cross~sectional area
at the slot line, i.c. on (width - ") x thickness in®. 1In almost all cases

duplicate panels were tested.

The 14000 znd 18000 psi mean stresses were selected for the tests as
being typical 1g aircraft stress levels, and the alternating stresses allowed
the tests to be completed in a. working day, so that the operator could always
be present during the later stages of the test. Room temperature endurances
ranged from about 5 x 10% to 7.5 x 105 cycles.

The results are given in full in Tables 3 - 6, and the average rcsults
of the duplicate tests are plotted as crack propagation rate vs crack length
curves in Figs. 7-10. As cracking rates at small crack lengths are of most
practical importance, a simple comparison of the materials can be made, as in
-Table 9, by considering only the cracking rates when the cracks are 1" long.
With the lowecst stress cycle of 14000 * 2000 psi the cracking rates at 1" crack
lengths ranged from 0,16 x 10~5 in/cycle for Hiduminium 5k, to 1.1 x 10~5 in/
cycle for DTD.6874, and the favoured candidate alloy DTD.5070 had a slightly



slower rate than the widely used DTD,546B alloy. At the highest stress cycle,
18000 * 4000 psi the cracking rates at 1" crack lengths were 7 to 23 times
faster, ranging from 1,1 x 10™5 in/cycle for Hiduminium 54 to 10.5 x 10=5
in/cycle for X 2020, and again the DTD.5070 alloy had an intermediate rate
similar to those of the DTD.546B and 2024-T81 alloys.

4.2 Crack propagation rates in 2024.~T81 and DTD.5070 panels after heating
for 1000 hours at 150°C

Duplicate panels cut from the 2024=T81 and DTD.5070 sheets were tested
with stress cycles of 14000 * 2000 psi and 14000 * 4000 psi, at room
temperature and at 150°C, after heating for 1000 hours at 150°C; other work
had shown that heating for 1000 hours at 150°C caused approximately the same
reduction in 0,.2% proof stress as 30,000 hours at 120°C., The results of the
room temperature tests are given in Table 7, and those of the 150°C tests in
Table 8.

In Fig.11 the average rosults of the duplicate tests on the 2024-T81
panels are plotted as crack propagation rate vs crack length curves, and the
corresponding curves for the as-received sheet are repeated to show the effect
of the 1000 hours heating at 150°C on the room temperaturc crack propagation

rates, Fige12 gives the corresponding results for the DID,5070 sheet.

Average crack propagation rates in the two materials, at 1" crack lengths,
after heating for 1000 hours at 150°C, are included in Table 9, from which
it will be seen that the heating had only small effects on crack propagation
rates, and that crack propagation retes at 150°9C were very similar to those

at room temperature,

4,3 Residual strengths of cracked panels

Several panels in each of the eight materials were fatigue stressed in
the Schenck Pulsator to produce cracks of different lengths, and were then
transferred to a tensile test machine to determine their residual strengths,
which are recorded in Table 10. The crack lengths shown in this table were
measured with a rule vefore the penels were taken out of the fatigue machine,
and were checked after the panels had becn broken in the tensile machine, the
ends of the fatigue cracks being clearly visible on the fracture surfaces.
The residual strengths quoted in Table 10 were calculated on the gross cross-
sectional area of the panels, i.e. on the full panel width multiplied by the
penel thickness. In Pigs.13 and 14 the results are shown in a non-dimensional
form, the residual strength of each panel, cxprecssed as a fraction of the

original uncracked tensile strength of the meterial, bLeing plotted against the
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crack length, expressed as a fraction of the panel width., 4And in Fig.15 the
results for the DTD.546B panels are plotted again together with data derived
from the end points of panels used for crack propagation rate measurements.
For these panels the residual strength was taken as the peak stress of the
fatigue cycle, calculated now on the gross cross-sectional area of the panel,
and the crack length plotted is that at which final instantaneous failure
occurred in the fatigue machine. Plotted in this way the results for the
crack propagation rate panels lie reasonably close to the line through the
points for the panels broken in the tensile machine. The data from the crack

propagation rate panels is also given in Table 1&.

Table 12 comperes the eight materials in terms of the residual strengths
of 6%" wide panels all containing 1" long central cracks, derived by
interpoletion from Figs.13 and 14. These residual strengths in the presence
of 1" cracks ranged from 37% (for X 2020) to 67% (for DTD.546B and Hiduminium
94.) of the original uncracked strengths,

5  EXPLORATORY STUDY OF THE EFFECTS OF THRER TESTING VARIABLES ON CRACK
PROPAGATION RATES

5.1 Effect of panel width

To obtain preliminary information on this effect the crack propagation
rate measurements made with stress cycles of 14000 * 2000 psi and 14000 *
4000 psi on DTD,546B and DTD.5070 sheets, using 63" wide panels, were
repeated on 4%" wide panels which were otherwise identical to that shown in
Fig.1. The results arec given in full in Teble 13 and the average results of
the duplicete tests are compared with those for the wider panels in Figs.16
and 17, For crack lengths up to 2" for both matecrials the cracking rates at
14000 * 4LCOO psi in the 44" panels were very similer to those in the 63" panels,
but at 14000 * 2000 psi the rates in the 43" panels were lower than in the
65" panels., Further work has besn carried cut on this effect and is being

reported Separatelye.

5.2 Effect of mean stress

Table 14 gives the results of some additional tests, carried out on 6%“
wide DTD.546B penels to investigate this effect over a wider range of mean
stresses than had already been employed. The average results of duplicate
tests with stress cycles ranging from 6000 * 2000 psi to 18000 * 2000 psi are
compared in Fig,18. For crack lengths up to 2" cracking rates were relatively

insensitive to changes in mean stress within the range investigated.



11

5.3 Effect of slternating stress

To study this effect over a wider range of stresses, additional tests
were carried out on 64" wide DTD.546B panels, with stress cycles of 14000 *
1000 psi, 14000 * 3000 psi, and 14000 * 6000 psi, The results are given in
Table 15, and are compared with those obtained previously at 14000 * 2000 psi
and 14000 * 4000 psi in Fig.19. Cracking rates increased rapidly and
progressively with increase of alternating stress; for instance, doubling the
stress increased the cracking rate at 1" crack length by a factor of 5 or

moree.
6  CONCLUSIONS

(1) In tests with the lowest stress cycle used for comparing crack
propagation rates in the different materials, i.e. 14000 * 2000 psi, cracking
rates at 1" crack lengths in 63" wide panels ranged from 0.16 x 10=2 in/cycle
in Hiduminium 54 to 1.1 x 10=5 in/cycle in DTD.6874, and the DTD.5070, RR.58
alloy sheet,had a slightly lower rate than the widely used DTD.546B alloy.

In tests with the highest stress cyecle, 18000 * 4000 psi, cracking rates at
1" crack lengths were about 10 to 20 times faster, ranging from 1.1 x 10-5
in/cycle in Hiduminium 54 to 10.5 x 1072 in/cycle in X 2020, and again the
DTD,.5070 alloy had an “niermediate rate similar to those of the DTD.546B and
2024.-T81 alloys.

(2) Heating 2024-T81 and DTD.5070 panels for 1000 hours at 150°C caused
only small changes in fatigue crack propagaticn rates in these materials, and
crack propagation rates measured in tests at 150°C were very similar to those

at room temperature.

(3) Reeidual strengths of 6%" wide panels containing 1" long central
fatigue cracks ranged from 37% (for X 2020) to 67% (for DTD,546B and Hiduminium
54) of the ordinary uncracked tensile strengths, with DTD.5070 retaining 4%

) In tests with a stress cycle of 14000 % L4000 psi cracking rates in
h%" wide ranels of DITD.546B and DTD.S070 were very similar to those measured
previously in 6%" wide panels, but with a lower stress cycle of 14000 % 2000
psi thec rates at crack lengths up to 2" werc lower in the 45" panels than in
the 6%" panels. Further work on the effect of panel width is being reported

separately.,

(5) In tests on 63" wide DID.545B panels, with stress cycles ranging
from 14000 * 1000 psi to 14000 * 6000 psi and from 6000 * 2000 psi to 18000

* 2000 psi, crack propagation rates increased rapidly and progressively with
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increase of alternating stress, but were substantially unaffected by changes

in the mean stress.
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TABLE 2 - Results of tensile tests om the eight sheet materials

using standard 8" x 15" tcobt-picces

10.2‘-

. Sheet | Test-piece| 0.1% PS| 0.2% PS| T8 E Elong. on
Material number number tsi tsi tsi | 106 psi | 2" %
DID 54L6B 1 1.7 2544 26.0 28,8 110.2 9.6 9
2 2.25 25,2 25.6 28,6 | 10.5 9.8 11
2,26 25,2 25,6 28,51 10.5 9.8 9
3 3.5 25.5 26.0 28.9| 10,6 9.7 10
310 25.4 25.8 28,6 1 10.6 9.7 10
5 5.6 254 26.0 28.8 1 10.3 5.6 10
5.11 25.5 25.9 28,7110.1 9.4 10
Hiduminium| 1 wiL 22.9 23,1 29.7 1 10,5 9.5 17
72 waL 23,0 23,2 29,71 104 9.5 18
202L.-T81 1 4.2,9L 30,2 20.6 32,01 104 6.7 7
42,10L 29.2 29,6 .31 10.2 9.7 7
X2020 1 01,7 3.4 21,8 33,2 11,1 9.7 7
01.9 21,0 31,3 32.5] 11.1 6.6 £
01.11 3,2 31.6 32.81 11,0 9.6 7
01013 30.6 3100 2'4 11.0 7'5 7
Hiduminium 1 Dt.2 19.9 20.5 25,61 104 9.7 9
5l 8,2 19,9 20.4 25.6] 10.3 9.6 10
DID.6874 6 6.6 33.5 h.2 | 35.5] 10,2 9.3 11
6.7 35.0 | 33.8 | 36.4| 10,0 9.2 12
DTD 5070 1 Rl 23.0 23,4 26.21 10,9 10.14 7
n20 221 23.8 25431 11.0 10.1 7
2 R51 23.1 2%.6 26.2| 10.56 9.9 7
R69 23.1 23,5 26.21 10.5 9,8 7
3 R77 22.8 23,2 25.8] 10.6 9.6 7
R82 23.1 234 28,11 10,7 9.9 8
SAP 1 28L 15.3 18,5 23.7 10.6 6
8261, 15.7 18,8 23.9§ 6




TABLE 3 ~ Results of crack propagation tests at 14000 * 2000 psi

Test Cracking rate (dl/dN) and crack length(1)
Haterial NO« after N stress cycle
N = 10° cycles 2,00 | 3,00 4600 | 450 | 5400 | 5415 :
27 | d1/dN = 105 tn/eycle { 0o19 | 0u31 | 071 [ 1.0 | 345 8.8
DTD 51‘68 l~1in 0075 14001 1450 1.98 2495 375
, N - 10° cycles 1400 | 2,00 | 3,00 | 3,30 | 3.60 | 3470 | 375
28 | d1/dN = 1075 tn/cycle | 0416 0e37|0.7h11.2 | 3.0 6.7 | 14
l1e1in 0:6} 0,88 1450 1.88 2.60 3e13 3e75
N « 10° cycles 2400 4400 | 6,00 7,00 | 8400 | 8450 | 8460 | 8,70
160 | dl/aN = 157 tn/cycle | 0408|0413 0429 |0uk3 | 0.96 | 2.0 | 345 | 945
l=1in 0,60 | 0483 1623 1 1458 | 2423 2,93 3.20 3480
Hiduminium
2 N - 10° cycles 2400 4,00 | 6,00 | 7,00 | 8,00 [ 8,10
162 | d1/dN = 10°5 in/cycle| 0,08 | 0418 0.5 | 0u75 | 249 Se7
1l=1in 0,63 | 04881 1445 1,98 | 3423 Se75
N - 105 cyeles 2000 | Lo0O | 6400 | 8400 | 8420 | 8440 | 8460 | 8,80
170 | d1/dN = 1075 tn/cyele| 0,07] 0,12 0.28 | 072 | 007l | 0494 | 145 Lt
6 1-1n 0,58 0475 1513 198 | 2413 | 2430 | 2,53 | 3405
2024181 N < 100 cyeles 2000 | L4e00| 6400 | 6420 | 6,10 | 6a60 | 6470
172 | dI/dN = 1075 {n/eycle| 0s08| 0a22| 04551 Cu66 | 140 2.0 3ok
l-1in 0358 0,88 1.55 1070 1.88 223 2060
N = j0° cycles 04501 1,00 1,50 [ 2,00 | 2,50 | 3400 | 2420 | 3446
165 | dl/dN = 10™5 in/cycle | 0e10| Ce15| 0425 OukS | OeT3 | 1ok 546 | 13
l=1in 055 0063 O.m 0.88 1018 1.65 2415 21“0 N
X 2020
N = 10 cycles 1,00 | 2,00 | 3,00 | 4e00 | 5400 | 5408
167 | d1/dN « 10"5 in/cycle | 0406 0,09 | 02l | 0uli7 | 2.6 8e7
l~1in 0053 0063 0085 1025 2023 2060
N = 10° cycles 2400 | 4oCO| 6,00 | 8,00 [10,00 | 11.00 | 11,40
228 | d1/aN = 10%5 nfcycle | 0,06! 0,07] 0,10[Ce12 | 007l | 144 342
H 1duminium lein 0058 O.7° 0.83 0.98 1-60 2455 5030
5l N = 10° cycles 2,00 4400 | 6,00 | 7,00 | 8400 | 8,40 | 8,80 | 9,00
229 | di/dN = 105 in/cycle | 0,08 0,12 0,20 0,39 | 0490 | 1.4 2,6 |14
l=-1in 0-65 ’).83 1013 1-38 2400 201-&8 .3-10 Lhao
N - 105 cycles 0620 | OuliO{ 0,60 | 0,80 | 1400 | 1420 | 1,40 | 1448
147 | dl/aN = 105 {n/cycle | 0.50| 0,60 0eB0 | 11 | 143 2.7 8.2 |1
1 - in 0058 0.68 0.83 1-00 1.23 1.60 2.148 30140
DTD 687A
N = 105 cycles 0420 { 0,40 0,60 | 080 | 1,00 | 1420 | 130 | 140
148 | d1/dN = 105 in/cycle | 0.50 | 0,70 | 0,90 [ 1.2 | 148 3 S5¢5 125
1-1n 0e53] 0468 0,831 1.03 | 1428 | 1,73 | 2,18 | 3.25
N - 107 cycles 2400 | 3400 | 4400 [ 5,00 | 6,00 | 6,60 | 7,00 | 7416
145 | dl/aN = 1073 in/cycle | 0.,08| 01120421 10.38 | 0a71 | 12 | 3,2 | 945
l=1in 0063 0'73 0,90 1.18 1073 2630 3.10 L‘010
DD 5070 N = 105 cycles 1400 | 2400 3,00 | 4eQO | 4e50 | Le8O | Le86
146 | dI/&N = 1072 tnjcycle | 0u11] 0.21 | 0.51 1.0 | 2.0 3.8 |19
le«in 0455 | 0470 | 1408 1 1485 | 2455 | 3433 | 3480
N - 105 Cycles 1.00| 2.00 3.00 b.oo haso Z,.BO h.95
151 | dl/aN - 1075 in/cycle | 0407] 0410] 001l | 0s33 | 1444 L6 {29
1=~1in 0455 0.65 0.78 0098 1.28 2403 3‘80
SAP N - 105 cycles 1400 2,00 3400 | 3.50 | 3480 | 3,90 | 4s00
152 | di/aN = 1075 in/cycle | 0e12| 0.20| 0s7h | 149 | 345 5.8 29
1l in 0058 0'75 1415 1055 1093 : 2430 3.90

15
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TABLE 4 = Results of crack propagetion tests at 14000 * 4000 psi

' Material | Test ; Cracking rate (dl/dN) and crack length(l)
!No. | i after N stress cycles ‘
| N = 10° cycles 0,20 1 0,40} Hu60! 0,701 6,75 0480 | |
21 alaN = 1075 gn/eyele | 0,70 1.7 | 3 | 5.2 | 10 3 ._
- 0. . . te - .
N 1ein 581 0485|1331 1478| 2415| 3405 |
N - 10° cycles 0420 | 0,40| 060 0.68| 0.,76! Cu78 |
22 | dl/ai - 107 tnfeycle | 0,58 146 [ 3.7 | 6.6 | 18 | L8 |
1-1n 0,581 0,78{ 1.33] 1,73 2463 | 32.20 !
N = 105 cycles 00201 0,60 14001 1430 | 1450 | 1452 | 154 | 14581
185 | d1/aN = 1075 infoycle | €a26| 0,57/ 1.7 | 301 | 7.8 |12 125 57 o
1-1n 0.55{ 0s73| 1418 1,80 | 2,88 | 3,08 | 3,40 | 3.80
Hiduminium : ’
72 N = 105 OYCIGS 0420 cqso 1,00 1-oﬂ 1.08 112 letl ¢ 1016
187 | a/aN = 105 tnjeyele | 0.35] 1.3 [ be7 | 5t | 1 | 10 W
l1=1tn 0,581 0490 | 1488 2413 | 2,35 2.70 | 293 | 3.35
N = 10° Cycles 0420 0,30 04L0} Ou45 | Ou47 | 0.L8 | 0uL9 :
200le181 | 177 | M/ = 1075 in/eyele | 142 | 2.6 | 73 |13 17 2 .12 "
1~-1n 0.65] 0483 1.28] 1.78 | 2408 | 2.28 | 2.63 |
N = 10° cycles 0,201 0,401 0,60( 0,80 | 1,00 | 1.10 | 1a14 | 1416
230 | dl/dN = 10°5 {n/cycle | Ou4l! 0,751 1.2 | 2.0 4.6 8.0 |13 ! 57
1~-1n 0,55 0,73] 0,95| 1.33 | 1,98 | 2.50 | 288 | 3.50,
Hiduminium i l | 1 I
Su N «1 cycles 0.20 Oollo 0060} 0.80 1.C0 1420 \ le22 ¢ 1'211
231 | dl/aN - 1075 {nfcycle | 0,70 0,50 [ 146 | 2,0 | 3.0 |13 |15 32
l-tn 0s58| 0473 | 0490 | 1423 | 1463 | 278 | 3.05 | 3.50
N = 10° cycles 0.20] 0,40 | 060! 0.80 | 0,90 \ 0592 | 09k | 095
181 | dl/oN = 1075 infeyele | 0u72{ 146 | 241 | Le3 | 11 12 19 32
1-1n 0,631 0,881 1,23 1485 | 2,48 | 2,73 | 3403 | 3430
bTd 5070 N = 105 cycles 0,20] 0,40 | €601 0,80 | 1460 | 1410 | 1416 | 117!
182 | dl/aN = 105 in/cycle | 0454 0,63 | 0.7 1 tah | 3.6 : 8.0 19 27 |
. 1=1n 0,601 0,73 0,88 1,10 | 1,58 ! 2,13 + 2.65 ! 3,13




TABIE 5 = Results of crack propagation tests at 18000 * 2000 psi
| Test ! : Cracking rate (dl/dN) and crack length(l)
Haterial { No. % i after N stress cycles
; IN = 105 cycles ‘1.00 2,00 | 3,00 | 4400 5,00 i 1
| 58 | dl/aN - 1075 tn/eyele | 0413 |0.23 037 0801 3.4 '
! /1=1n | 058 10475 | 1403 1 1,63 | 3.05
DID 5L6B - ,
[ UN =100 cyeles 7700 | 2.00| 3,00 00| 5.00 | 6,00
P 59 | dl/dN - 1075 n/cycle | 0e10 | 0414 | 0418 {0.30 | 0,69 | 341
':1 - In 0055 0.65 0078 0098 1.b5 2.78 R
"N = 10° cycles 2,00 | 1,400 | 640C | 7,00 8,00 | 9,00 | 9,20 9,30
159 | d1/aN = 105 tn/cycle | 0406 {Oe11| 0,20 10,301 0,48 | 1.2 | 244 | 5.2
1-1n 058 | 0,75 1,05 1 1.30| 1,58 | 2,48 | 2.85 |  3.25
Hiduminium s
» , [N =109 cycles 2,00 | 4400 | 5,00 | 6,00 7.00 | 7.60 | 7.80 2,90
i 161 | d1/dN = 1075 {n/cycle | 0,08 | 0417/ 0,27 0.43 [ 0,78 | 1.8 3.5 12
b ;1 =1n 060 ; 0485] 1,08 | 1,401 1,98 | 2.63 | 3410 370
2 N = 105 cycles 150 | 2,00 2,50 [ 3,00 | 3,50 | 3,80 | 3,90 3497
154 | d1/aN « 1075 {nfcycle | 0,16 0,28 0.48 10,81 | 1.5 | 2.6 7.3 23
'1-1n 0s 63[ 0a731 0493 | 1,25 | 1,80 | 2.40 | 3,00 3430
2024=781 i
N - 102 cycles 1050 | 2001 2450 | 2,80 | 3,00 | 3,30 | 34,40 34L5
155 | d1/dN¥ = 1073 infcycle | 0425 0.37] 0.70{ 141 1147 | 3ub 646 23
! 1«1n 0,75 | 04937 1,18 1,431 1,68 | 2,35 ' 2,80 3440
N =105 cycles 0020 | 040! 0.50] 0,60 0,70 | 0a76 | 0.80 0.83
12 | 4U/& =107 tnfcycle | 0475|141 | 145 [ 2.7 |48 19,5 | 14 35
1-1n 0063 | 0483 ! 093] 1413 | 1453 | 1498 ' 2.0 3400
DTD 6874 '
N - 105 cycles 0620 | 0,30 | 04401 0450 | 0,60 | 0,65 | Ce70 0.71
| 143 | dL/dN = 1075 Infcycle | 0a75 | 102 | 149 | 341 (7.5 118 5 : >100
! | i1-1n 0.63] 0,731 0,881 141311453 [ 1,83 | 2,35 | 2460
LN =105 cycles 1,00 | 2400 | 3400 | 3450 | 400 | 450 | La55 |
l } 81 dl/dN - 10-5 m/cycle 0016 0422 0.[&9 ooﬁ | 1e3 5.8 12 ;
i lein 0-58' 0078 1,08 1..;8 I1088 3003 3.50 !
: b1 5070 N = 105 cycles 1,00 2.0oi 3-00' 3450 lb.OO b.30 l;o38
! 82 | d1/an = 105 m/cycle 0s18| 0429! 0464] 0,93 1.5 | L7 | 30
l i1=1n ' 04631 0483, 1428] 168 12,30 2,98 | 3460 |
N - 105 eycles | 100 2,00° 3,00( 3410 13,20 | 3,25 | 3.30
150 | dl/aN = 1075 infcycle | 0a17i 0u3L 145 | 28 146 11 . 18
- - 0,681 0,93 1450 1.65 |1.9s {20 | 3450
: { | N - 10° cycles 1.00: 2,00 3.00, 1a00 14450 | 460 | La65
1153 1 dl/aN = 1075 tn/cyele | 04121 0,16, 0,27 071 |24 | 5.7 |16 !
! “1l=1n 04601 0.75 04951 1,38 12,03 | 2,43 | 3,00

17
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TABLE 6 - Results of crack propagation tests at 18000 * 4000 psi

Material Test Cracking rate (dl/dN) and crack length{1)
No. after N stress cycles
N = 105 cycles 0610 | 04201 0430| 00! 0.45 | 0650 | 0451 0452 |
L2 § dl/dN = 10"5 {nfcycle | 1ot | 1e5 | 243 | Le2 Sel 1 14 20 K
1=1in 0,601 0,731 0,88 1415] 1445 | 240 2423 2,55
DID 5468 N = 109 cycles 0o10| 0,30| 0,50! 0,60 0462 | 0.6L
43 | dl/dN = 105 in/cycle | 0.85| 145 | Leb6 | 11 15 5k
1= tn 04581 0o78| 1,401 2,00| 24151 2.55
N - 102 cycles 0620 ] 0440 0,60! 0.80] 0490 | 1,00 | 1,02 104
183 | d1/aN ~ 10™3 fn/cyele | 0430| 0a76| 103 | 2.4 | 440 74 110 85
le- In. 0060 0-75 0090 102} 1-5_3 24,00 2023 3000
H‘du”?‘;m“m N = 105 cycles 0420 | 0uh0| 0,60| 0e80] 1410 | 1412 | 11l 1415
184 | d1/dN = 105 {n/cycle | 0450! 0484] 140 | 145 940 111 2l 55
1=-1n 0e55] 0465 0.75| 0498 2.20 | 2,40 | 2.75 3403
N « 102 cycles 0010| 0420| 0J4O| 0460 | 0,62 | 046l | 0466 0467
174 | d1/aN ~ 10"5 tn/cyele | 140 | 142 | 2.7 | 10 14 16 33 >100
1 =1n 0653 0,60 0,85 1460 175 1490 2¢25 270
2024781 N - 100 cycles 0410] 0420] 0430 | 0.L0| 0ul2 | Ol | OukS
175 | d1/dN = 105 n/eyele | 0,58 1,00] 2.2 | 6.0 76 | 9.5 (17 !
l=1in 0058 0.68 0.90 1.&8 1.70 1‘98 2-28
N = 109 cycles 0405{ 0410 04128 0u15| 0u175| 0.20 | 0421 0,215
236 | dl/dN = 10™2 in/cycle| 140 | 147 | 20 | 346 Lé 1 9.5 |12 21
le~in 0053 0-60 0063 0070 0.80 0098 1.13 1025
X 2020
X N = 105 cycles 0.05! 0410} 04125 0415 | 0.175| 0.20 | 0,205 04209
237 | dl/dN = 1075 In/cycle] 140 | 240 | 340 | 540 9.0 115 23 >100
1=in 0e55] 0,63] 0.68 | 0u75 | 0487 | 1.08 1418 1440
N = 10° cyeles 00| 0480] 1,00 | 1420 | 1440 | 1460 | 1,70 174
234 | d1/aN = 10™5 {nfcycle| 0458 1.1 | 142 | 1.8 2.7 | b6 9.8 90
1«1n 0468| 1400] 1420 | 3453 1 2,03 | 2.68 | 3.28 4400
H““mi"mm N = 105 cycles 0620 0,601 0480 | 1420 | 1440 | 1450 | 1458 1.59
5 235 | dl/dN = 105 in/cycle] 0460] 0496| 1o1 | 24 | 3.6 i Le8 |13 60
1=1n 0660 04857 1403 | 1e75 | 2428 | 2473 | 3428 | 3460
N = 105 cycles 0610] 0420| 0430 | 0,40 | 0650 | 0,60
91 | dl/dN = 105 in/cycle| 140 | 1a5 | 265 | Le2 6.8 64
1 =1in 0458| 0,70 0,88 i 1415 | 163 | 2,80
P> 5070 N = 102 cycles 0010 0020 0430 | 0440 | 0650 | 0460 | 0461
93 | d1/dN = 10~3 infcycle! 0.60 0:97! 146 | 246 L8 116 33 |
1=~1n 04531 0,58. 0a75 | 1,00 | 1a43 | 2,40 ¢ 2,65 !




JABLE 7 - Resultg of room temperature crack propagation tests on 2025-18] and DTD 5070 panecls

hegted 1000 hours 8% ]59&

| Material and | Test Cracking rate (dl/dN) and crack length(l)
! gtress cycle |No. after N stress cycles
N = 107 cycles 1000 2400 | 3,00 4,00} 5,00 1 6,00 | 6,20 | 6,40
205 | d1/dN = 1075 njcycle | Oel1 | 0415 | 0420 0,29 | 0448 | 141 1ol 2.1
202L=181 l1-1n 0,60 0473 | 0,881 1,051 140 2.18 2,40 275
mooop:i 2000 N = 105 cycles 1400 | 2400 | 3,00 | 4400 | 5.00 | 6400 | 7.00 | 7,50
206 | d1/dN = 1075 tnjcycle | 0402 | 0,03 | 0,06! 0,09 0415 | 0,35 | 0,90 | 1.6
l1~-1in 0453 | 0655 0460 0065 0.73 0,98 1,58 2,18
N - 105 cycles 1400 | 2,001 3,00] L,00] 5,00 | 6,00 | 7,00 | 7.50
DI 5070 188 | dL/AN = 1075 fn/cycle | 0407|0411 0uih| 0,19] 0,28 | 0,50 | 1.2 | 3.9
1[;[ 0 & 2000 1~-1in 0.55 0065 0175 0,90} 1410 1.50 230 3.28
.- N = 100 eycles 1.00 | 2,00 | 3,001 4,00] 5,00 | 6,00 | 7.00 | 7410
1689 | dl/aN = 1075 {n/cycle | 0.09 | 0413 | 0s15] 0422] 0,38 | Ou7h | 143 345
l~1{n 0,58 0468 0.80| 0,98} 1430 1.80 2495 3420
N = 10° cycles 0420 | 04140 | 0,60] 04801 0,90 | 1,00
208 | d1/dN - 10"5 fn/fcycle | O0.45 | 1.0 | 1.4 | 249 | Le2 |22
2024=-T61 1=1n 0053 | 0.65] 0.85| 1.28| 1,63 | 2.58
14,000 4 4000 .
psi N = 105 cycles 0620 | 0430} 04 40| 0,501 0,60 | 0.70
209 | difaN = 1075 infcycle | 0480 {142 | 107 | 246 | Laly 122
1=1iIn 0.60 0.68 0080 1.03 1.38 2420
N = 105 cycles 0020 | 0uLi0| 0,601 0,801 1400 | 1410 | 1ath | 1416
190 | 41/l = 1075 Infcycle | 0450 | 0a75] 161 | 107 | 33 | 53 84 | 22
DTD 5070 1= {n O.6O 0070 0088 1'15 1'65 2.08 2.38 2.70
14C0 & 4OOO ™
psi N ~ 107 cycles 020 | Cali0 | 0460| Da80| 0,84 | 0,86 0,88
191 | dl/a = 1073 in/oyele | 0456 {141 | 2,1 (340 | 49 | 6.5 |13
B 1e«1in 0.56 ;0078 110 1-35 1-78 1-98 2:30

19
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TABLE 8 - Results of 150°C crack propagation tests on 202k -T81

and DTD 5070 panels heated 1000 hours at T509¢

Material and
stress cycle

Test‘

Noe

Cracking rate (dl/dN) and crack length(1)
after N stress cycles

N - 105 cycles 2000 [ 400! 6,00 ' 7.00 | 8,001 8,40 | 8,80 ,
210 | d1/dN = 105 1nfeycle | 0,07 | 0415: 0,321 0,50 | 0,86 | 143 Loly !
: 1-1n 0,63 | 04801 1.23 ] 1,63 | 2.25] 2,65 | 35 )
202~781 N = 10° cycles 2,00 [ L1400 | 6,00, 8,00 { 10,00 | 11,00 | 12400 | 12410
14000 & 2000 pst | 214 | d1/aN - 105 in/cycle | 0404 | 0,06| 0411 0418 | 0u36| 0456 | 2.6 Le7
1~-1in 04581 0465] 0,80 1,05 1453 1498 | 3,08 | 3450
N - 102 cycles 2,00 | 4400] 6,00 7400 | 8,00] 84,60
193 | dl/dN = 1075 infcycle | 0,08 0413| 0.29! 047! 0,80] 2,9 |
1= 1n 0,65 0.83] 1.23| 1.63| 2.23| 3,03
DID 5070 > :
14000 & 2000 psi N = 105 eycles 1400 | 2,00 | 3,00 £a00 | 5,001 6,00 | 6,50 | 6490
195 | dl/dN - 1075 Infcycle | 0.05| 0.09| 0,16| 0426 ! 0,39 0.60 | 0.84 | L.9
1=1n 0058| 0.65| 04781 1,00 | 1.30] 1.75 | 2.10 | 3.L0
N - 102 eycles 0420 0.40| 0,60] 0,807 0,90 0494 | 0.98
211 di/dN - 10-5 in/cycle Oosb 1ot 1.9 L.0 I 8.3 15 57
1e~in 0.60| 0,78] 1,08 1655 2.10] 2455 3465
22325T81u000 \ 212 N « 100 cycles 0s20 1 0,407 0,60 0,80 ; 0,90 1,00 1420
14000 & Pl 1212 1 g1/ a¥ < 1075 tn/cycie| 0u31] 04511 1a1 | 3a3 | 6.2 | 15 57
1=-1n 04551 0u65] 0,83 | 1428 | 1475 3,05 | 3.95
N = 10° cycles 0420 | 0ukO| 0460 | 0480 | 1,00 |
194 | d1/dN = 1072 tn/eycle| 0,39| 0.BL[ 1.5 | 2.6 | 9.0
1+-1n 0.55] 0,701 0,95 ] 1435 | 2.38
DD 5070 =
14000 & LOOO psi N = 10 cycles 0e20| 0,40 0,60 {0480 | 1,00 1420
196 00168 ; 0.72 1e1 o8 300 : G0

dil/aN - 105 in/cycle

0.58

{0470 0,90 1,20 | 1463 - 2.60 }




TABLE 9 - Crack propagation rates (1079 in/oyole) at 1" orack lengths

i i o Stress [ ] i
! N cycle= i
Material cendition est . TS} 14000 | 14000 | 18000 18000
o +2000 | 44000 | 42000 ' 4,000
tempera= "~ = - - o=
ture A i
DTD 5L46B . As received RT 0.l 2.2 0634 2.8
Hiduminium 72| * . " 0420 1435 0,20 1455
2024181 L oo 0o2h | Le2 | 0,50 343
LI | Heated 1000 heurs at 150°C Ll 0,28 | 2,0 I
o " ' 150 0,20 | 2,0
X2020 As recefved RT 0a445 1065
Hiduninium 54 : i " " 0.16 | 1.5 ! 141
. H
DID 687A bwoow " 101 f 2.3
! !
DTD 5070 e oon " 0.36 | 1.3 ; 0.38 | 2,7
i
5 i Heated 1000 hmurs at 1507C " 0,22 | 1.6 ]
| H )
" g ' " 150% 0420 | 1.5 | ’,
' | i f
SAP . As recelved RT 1050 i i 0,36 E
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TABLE 10 - Residual strengths of cracked panels

: Matertal | CFeckK 1engchi Crack length/ ; Failing 1oadi Residusl strength Residual strength/
-in ! panel width : ~tons i =tsi of gross area, Uncracked 18
T
| 0.8 0,08 | 9ot 2249 ] D0
1,00 015 | 748 1246 | 6840
1633 0420 ; 6.8 17+0 i 5240
173 0.27 ; 546 1349 11840
DTD 5B 2.53 039 L 1.2 | 3.0
3420 0uliy 346 8.7 | 3043
[4'15 0-6[4 ! 2.7 6.6 ' 23.0
463 02 | 1w b7 L 162
0450 0,08 | 85 21.7 L o
E1duninium 1400 0,16 ! 78 18,8 6345
72 X 1495 0.30 ! 6l ; 1560 5045
[ 283 Oslil ; L5 ; 1101 375
© 0,50 0,08 | 841 19.9 6440
0495 014 602 ; 1543 48,8 ‘
1423 0419 545 , 15.1 18,2 !
1e45 0,23 Sels 133 L2.2
i 1,93 0430 54 13.4 42,5
021’
202L181 2.5 | 0.36 W6 113 3620
! 2,83 0443 347 | 849 2844
P 3430 0,51 3e0 i 7e3 , 2340
be25 0465 2.6 643 2040
Lels0 0,68 240 Le8 1542
0650 : 0,08 i by | the L3.2
1400 I 0415 i 3e3 10,8 3342
X 2020 1418 023 ;2.9 10,2 1.3
2405 0e32 ; 246 1044 ! 3240
|
P 0450 0,08 { 8.2 | 19.0 I Theo
0.7 0e11 g 749 i 18e1 i 7140
Hiduniniug 1405 0416 |‘ 7e2 i 16,7 ; 6540
54 1455 0.2 | 6e5 ! 1542 59,40
2455 0u39 ! L8 r 1142 i 4345
P 0.8 0.67 i 81 5 2041 L5540
- i 1438 0e21 i L8 ! 12,0 i 32.9
DT 687 ‘ 2,35 036 | k3 | 10,6 L 29,0
2445 0438 ; Le2 1 1043 f 28,2
050 | 0.08 | 79 i 1949 L 7.0
0480 0s12 , 7ol i 17.9 : 6840
1e55 0e2l 5.9 : 1448 ‘ 5740
DID 5070 2405 0431 ' W 1149 TN
2.85 Oou; ! 3.5 I' 8-8 H :53'0
I o C.57 | el [ 7e3 | 2840
1 408 0463 ! Coly i 640 T 2340 ‘
I 0.50 0,08 ! 840 | 18,7 ‘; 7345 ,
arp ' 100 016 | 67 1447 [ 618 i
R 0.2l [ 6t ; 13.5 [ 5648 ,1
| 2455 029 i 15 i 10.5 ’ Lie5 !




IABLE 11 - Residual strensths of DTD 5468 penels which
‘ broke in the frtigue machine

T

Test i Crack length ] Crack lengti/ | Stress cyclel Peak stress2| Resldual strengthd/
No. at fallure - in panel width ! -ps! i =psi Uncracked TS
n 5010 0,76 | 6000 3 2000 | THoo 0,12
72 5430 0,81 ; €000 4+ 2000 7hoo 0.12
v 5,03 : 0,77 } 8000 4 2000 i 9250 x 0.1k
_-67 L—,:;:; —-5.70 | 10000+ 2000 L 11100 0,17 1
68 Lis53 0. 70 % 10000+ 2000 11100 0.17
L6 3,98 P 0,61 | 14000 & 1000 | 13850 0,22
27 3,88 0,60 14000 4 2000 { 14800 0423 o
28 % L8 P 0.7 14000 4 2000 ; thgoo | 023
34, i 4,00 ' 0.62 12000 3 50CO % 15700 l 0.24 N
35 . 390 o 12000 4 5000 : 15RO 0424
21 405 0.65 1000 3 4000 < 18600 06
i 22 370 0457 | 1L00 4 L4000 % 16600 0,26
; 0 | 35 0u5is 14000 & 6000 © 18500 | 0.29 1
E 3 ! 3415 I 0453 1400 4 6000 f 18500 % 0.29 B
1 Caloulated on initial cross—sectional srea at slot line

2 Csleulsted

on full creoss-sectioncl aree of pancl

3 Assumed ecual to realr stress of fatigue cycle
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ZABLE 12 - Residual strengths of penels containing 1" long cre

nks

WiResidual strength fResidual strength/

Haterial ! ~tsi of gross area Uncracked TS
DTD 5468 | 19.2 0.67
Hiduminium 72 | 19,3 0.65
2020 ~T81 19.0 0.60
X 2020 | 12.1 0.37
Hiduminium 54 17.2 0.67
DTD 6874 ‘ 16.0 Oolle
DD 5070 i 16.7 0.6k
S4P 15,2 0.6k
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TABLE 1L = Regults of crack propagation yests on 64V wide D 6

of 6000 & 2000 ps§, 8000 g 2000 psi and 10 00C g 200C psi

w I

Stress cycle ﬁ‘resr.lf Cracking rate (41/dN) and erack length(l)
=psi No. after N stress cycles
N = 105 cycles 1400 | 2,00 | 34001 4420 5,00 5,50 5,901
7N | dl/dl = 1075 tr/eyele | 0413 | 0421 | 0626 0l | 122 | 1.9 | 645 |
1=1n 0053 | 0460 | 0493 ! 1428 | 2405 | 2480 La0O'
€000 4 2000 : l [ '
N = 105 cycles 2400 { 3400 | 4400 i 5400 | 6,00 ; 7.00: 7480
72 | dl/dN = 1075 gn/eycle | 0405 {0410 {0.18 [ 0435 | 0463 ! 142 112
1-1n 0e58 | 0465 | 0e78 | 1405 | 153 | 2u40! 4400
N = 105 cycles 1400 | 2400 | 3400 | 3450 1 4400 [ 4a50| 5.00( 5.30
8000 & 2000 | 70 | dl/aN ~ 105 In/eycle | Owil [ 0a21 {0640 10459 | 0,89 1143 | 241 | 3.8
l1-1in 0055 | 0070 | 1600 | 1425 1.60 | 2413} 2.98| 3475
[N = 10° cyeles 1600 | 2400 1 3,00 | 400 | 4450 5,001 5,50 | 5490
67 A1/ = 1075 In/cycle | 0410 1 0413 | 0423 { 04331 00h51 0093, 1.7 1 ha5
'1=1n 0460 0470 10468 1415{ 1.33| 1463 2.28| 3.L0 |
10000 & 2000 "N = 109 cycles Te00 2400 | 3400 | 5a00 | 5,00 | 600} 6,20 6440
68 1dl/dN = 1073 tn/cycle | 0407 0412 [0a221 Co36{ 0473 1.7 | 2.5 | 8a2 !
"1=1n 055 Cab5 0,80 1408, 1460 2,78 3420 410




TABLE 15 ~ Results of crack prepagation tests cn 64 wide DTD SL6R panels with stress cycles of
14000 3 1000 psi, 14000 & 3000 psi and 14000 & 6000 psi

Stress cycle | Test | } Cracking rate (dl/dN} and crack length(l)
pst _Nea : i atter N stress cycles
; N = 10° cycles 10,0 {2049 | 25,0 | 27.5 |30.0 | 32,0 | 33,8
14000 » 1€00 | 46 | dl/dil = 1075 in/cycle | 0,025 | 0,042 04083 | 0413} 0261 0.45| 241
| 1l ~1in | 0465 0,98 1.25 1e53 ’L 1098‘ 2,65 3,80
N = 107 cycles 0650 | 1400 | 1425 | 1.50] 1460 1.62
25 | el/aN = 1075 tn/eyele | 0u86 | 0499 | 2.3 | 5. |11 L2
! 1-1n ' | 0e70 1 1,081 1,15 | 2.301 3.03{ 3453
1LOOO 4 3000 ‘ I N = 105 cycles f 0450 100 { 1425 1~L¥O 1450 1-70
2 dl/eN - 1075 fnfcyele | 0,59 | 1.3 ! 2.0 | 3,7 1 5.6 |16
|1 = 1n L 0,68 | 1213 | 1.53 | 1495 2.43) 3.23
N - 105 cycles | 0410 | 015 | 0,20 o.zzlr 0,2l | 0,25
30 | di/dN = 1075 {n/cycle | 340 b9 |12 2 3h 56
j1-1n P 0e75 | 0493 1 1433 | 1,70, 2413] 2415
14000 + 6000 i 3 , : 2
i N = 107 cycles P 0etU | Cel5 | 0420 | 0423 0.25! 0426
D21 §dl/ai = 1075 {njeyele | 2.9 | 5.3 | 10 w3
T i m c 075 1 eas |13 |1 Tzas 2.6e

F]



28

No.

Author

B.F. Billing

D.P., Rooke
M.J.F. Gunn
J.T. Ballett
", J. Bradshaw

REFTRINCES

Title, etc.,
A null method for the measurement of load in axial fatigue
testing machines,
Journal of the Royal Aeronautical Society, ‘5_8, 508-509,
19‘9'-.

Crack propagation in fatigue. Some experiments with
DTD.E070A aluminium alloy sheet.
R.A.E. Tech, Report No.6k025, October 196k,



CPM/R /470 Fig.1

6.5 "

SLOT CENTRALLY
LOCATED IN PANEL

it

1

0.007

"
!
8 DIA HOLES

. . to0

|
SCALE 3

CRACK PROPAGATION PANEL

60

| X
LN o t
___/{ 2\_‘__ it

" _{ 'O RAD
25
[PARALLE L
o — e BO /—— -
|
SCALE 3

TENSILE TEST PIECE

FIG. | TEST PIECES



Fig.2

Neg. no. 168797

Fig. 2 Photomicrographs of the Slot



Fig.3

Neg. no. 168798
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